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PROVISIONING OF SOFTWARE 
COMPONENTS VIA WORKFLOW 

MANAGEMENT SYSTEMS 

This application is a continuation of application Ser. No. 
10/845,536, ?led May 13, 2004, now US. Pat. No. 7,406,483. 

1. BACKGROUND OF THE INVENTION 

1.1 Field of the Invention 
The present invention relates to means and a method for 

automatically generating a provisioning process the provi 
sioning process being capable to install softWare components 
on a target computer system. 

1.2 Description and Disadvantages of PriorArt 
AneW area of technology With increasing importance is the 

domain of On-Demand computing. On-demand computing 
deals With providing IT services the same easy Way as utility 
companies, such as electrical companies, are providing their 
services. A requestor Would simply state the request and the 
companies providing the services Would make them available 
very quickly. A typical request could look like the folloWing: 
Please give me 50 four-Way processors With 1000 GB storage. 
Each processor should run IBM WebSphere as an application 
server and IBM DB2 as the underlying relational database. 
And this should be available by end of next Week. The pro 
vider of such a service then needs to setup this environment 
rather quickly. First, it has to ?nd the set of processors includ 
ing the disk storage. Second it has to deploy the requested 
softWare onto the selected processors. The complete set of 
components that can be deployed is described via one or more 
product trees Which identify the components and their depen 
dencies. An administrator selects the components that need to 
be installed. Based on the selection made by the administrator 
a provisioning manager determines Which components need 
to be installed in Which sequence on Which processor. 

Therefore neW technologies are required to simplify and to 
accelerate the development of provisioning managers. 

1.3 Objective of the Invention 
The invention is based on the objective to provide a tech 

nology for automatically generating a provisioning manager 
being capable to install a softWare component on a target 
computer system. 

2. SUMMARY AND ADVANTAGES OF THE 
INVENTION 

The objectives of the invention are solved by the indepen 
dent claims. Further advantageous arrangements and 
embodiments of the invention are set forth in the respective 
subclaims. 
The current invention relates to a technology for automati 

cally generating a provisioning process model as part of 
Work?oW Management System or system With comparable 
functionality (WFMS), the provisioning process model being 
capable to install a softWare component on a target computer 
system. 

For one or a multitude of softWare components to be 
installed on a target computer system a product dependency 
graph is determined Which identi?es additional softWare 
components required by the to-be-installed softWare compo 
nents as prerequisite or corequisite softWare components. For 
each of the softWare components in the product dependency 
graph a corresponding installation facility is determined. 
Then a process model is generated being executable by a 
Work?oW Management System or a computer system With 
comparable functionality (WFMS). The WFMS process 
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2 
model comprises a directed graph of activities, Wherein each 
softWare component of the product dependency graph is asso 
ciated With an activity such that When the activity is executed 
the installation facility corresponding to each of the softWare 
components is performed. Moreover, the WFMS process 
model is generated in a Way that the sequence of activities in 
the directed graph is not violating the dependencies of the 
softWare components in the product dependency graph. 
Finally the WFMS process model is inserted in the WFMS as 
the provisioning process. 
The fundamental observation of the current invention is 

that the functions normally provided by a provisioning man 
ager can be generated automatically if this is done by gener 
ating a process model of a WFMS. With this approach it is 
suf?cient to generate the overall control How While the 
already available functionality of a WFMS can be exploited 
for ?nally performing the control at execution time of such a 
process model. Using a Work?oW management system pro 
vides several signi?cant advantages: First it not only elimi 
nates the need for Writing of the provisioning manager, Which 
in itself is a major effort, but also the maintenance associated 
necessary for keeping the provisioning manager up and run 
ning. Second, it alloWs exploiting any features offered by the 
Work?oW management system, such as compensation, func 
tions normally not offered by a state-of-the-art provisioning 
manager. Thus, summarizing the proposed teaching has sev 
eral signi?cant advantages over the state-of-the-art approach: 

1 . There is no need to develop a provisioning manager from 
scratch as the Work?oW-management-system provides 
the basic functions needed. 

2. The additional functions offered by a Work?oW-man 
agement-system can be advantageously exploited; typi 
cal ?lnctions are the support of people-facing activities 
or the use of compensation in the sense of WFMS (as 
discussed in further details beloW). 

3. The administrative and systems management interface 
of the Work?oW-management-system provides admin 
istrative and systems management people With a consis 
tent end user interface. 

4. The usage of a Work?oW-management-system for all 
tasks to be carried out, including provisioning, provides 
the capability to perform a common Work?oW manage 
ment that encompasses provisioning. 

3. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a business process model represented by a 
process graph according to the state of the art. 

FIG. 2 depicts the ?ne structure of an activity Within a 
WFMS. 

FIG. 3 shoWs the typical steps that are performed When an 
activity Within a process graph is being carried out by a 
WFMS. 

FIG. 4 shoWs a part of a business process With resources 
required by each of the activities/ activity implementations. 

FIG. 5 shoWs the important actions of the Work?oW man 
agement system When carrying out the part of a business 
process shoWn in FIG. 4; speci?c focus is given to the aspect 
that it is the WFMS itself requesting allocation of required 
resources on behalf of and in advance of starting execution of 
the activities. 

FIG. 6 shoWs hoW Work?oWs can be reused. 

4. DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the draWings and speci?cation there has been set forth a 
preferred embodiment of the invention and, although speci?c 
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terms are used, the description thus given uses terminology in 
a generic and descriptive sense only and not for purposes of 
limitation. It Will, however, be evident that various modi?ca 
tions and changes may be made thereto Without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. 

The present invention can be realiZed in hardWare, soft 
Ware, or a combination of hardWare and softWare. Any kind of 
computer system4or other apparatus adapted for carrying 
out the methods described hereiniis suited. A typical com 
bination of hardWare and software could be a general-purpose 
computer system With a computer program that, When being 
loaded and executed, controls the computer system such that 
it carries out the methods described herein. The present inven 
tion can also be embedded in a computer program product, 
Which comprises all the features enabling the implementation 
of the methods described herein, and WhIChiWheH being 
loaded in a computer systemiis able to carry out these meth 
ods. 

Computer program means or computer program in the 
present context mean any expression, in any language, code 
or notation, of a set of instructions intended to cause a system 
having an information processing capability to perform a 
particular function either directly or after either or both of the 
folloWing a) conversion to another language, code or nota 
tion; b) reproduction in a different material form. 

The current invention is illustrated based on IBM’s 
“MQSeries Work?oW” Work?oW management system. Of 
course any other WFMS could be used instead. Furthermore 
the current teaching applies also to any other type of system, 
Which offers WFMS functionalities not as a separate WFMS 
but Within some other type of system. 
A resource according to the current invention may refer to 

any type of entity Which can be managed by a computer 
system. Some simple examples are: CPU cycles, memory, 
devices, disks and the like. 
4.1 Introduction to Work?oW Management Systems (WFMS) 

The current invention is illustrated based on Work?oW 
management technology has provided for instance by IBM’s 
“MQSeries Work?oW” WFMS. Of course any other WFMS 
could be used instead. Furthermore the current teaching 
applies also to any other type of system, Which offers WFMS 
functionalities not as a separate WFMS but Within some other 
type of system. It should also be noted that the meta model 
being used by “MQSeries Work?oW” is a typical meta model 
used by Work?oW-management-systems; hoWever any other 
meta model can be used as Well. 
4.1.1. Fundamental Structure of a WFMS 
From an enterprise point of vieW the management of busi 

ness processes is becoming increasingly important: business 
processes or process for short control Which piece of Work 
Will be performed by Whom and Which resources are 
exploited for this work, ie a business process describes hoW 
an enterprise Will achieve its business goals. A WFMS may 
support both, the modeling of business processes and their 
execution. 

Modeling of a business process as a syntactical unit in a 
Way that is directly supported by a softWare system is 
extremely desirable. Moreover, the softWare system can also 
Work as an interpreter basically getting as input such a model: 
The model, called a process model or Work?oW model, can 
then be instantiated and the individual sequence of Work steps 
depending on the context of the instantiation of the model can 
be determined. Such a model of a business process can be 
perceived as a template for a class of similar processes per 
formed Within an enterprise; it is a schema describing all 
possible execution variants of a particular kind of business 
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4 
process. An instance of such a model and its interpretation 
represents an individual process, ie a concrete, context 
dependent execution of a variant prescribed by the model. A 
WFMS facilitates the management of business processes. It 
provides a means to describe models of business processes 
(build time) and it drives business processes based on an 
associated model (runtime). The meta model of IBM’s 
WFMS MQSeries Work?oW, ie the syntactical elements 
provided for describing business process models, and the 
meaning and interpretation of these syntactical elements, is 
described next. It should be noted that the meta-model of 
MQSeries Work?oW is just a particular Way of representing 
business processes; other meta-models, such as Petri Nets do 
exist. It should hoWever also be noted that process graphs are 
the typical Way of representing business processes in all of 
these approaches. 

In MQSeries Work?oW business processes are modeled as 
directed, acyclic, colored, and Weighted graphs. The nodes of 
the graph represent the activities that need to be carried out 
and the edges of the graph the control connectors that describe 
the potential sequence in Which the activities are to be carried 
out. 

Thus a process model is a complete representation of a 
business process, comprising a process diagram and the set 
tings that de?ne the logic behind the components of the dia 
gram. 

Activities are the fundamental elements of the meta model. 
An activity represents a business action that is from a certain 
perspective a semantic entity of its oWn. 

It should be noted that the distinction betWeen activity and 
activity implementation must not necessarily be re?ected in 
the underlying meta model; hoWever from a conceptual point 
of vieW each activity is associated With an activity implemen 
tation. The activity implementation is typically a piece of 
code that performs the necessary action associated With the 
activity. Insofar the activity is the abstract representation of an 
activity implementation performing that particular business 
activity. 
The How of control, ie the control How through a running 

process determines the sequence in Which activities are 
executed. The MQSeries Work?oW Work?oW manager navi 
gates a path through the process that is determined by the 
evaluation to TRUE of start conditions, exit conditions, and 
transition conditions. 
As an example of such a process model FIG. 1 shoWs 

schematically the structure of such a process graph. Activities 
(A1 up to A5) are represented as named circles; the name 
typically describes the purpose of the activity. Activities come 
in various ?avors to address the different tasks that may need 
to be performed. They may have different activity implemen 
tations to meet these diverse needs. Program activities are 
performed by an assigned program, process-activities like for 
instance 100 are performed by another process 101, and 
blocks like for instance 102 implement a macro 103 With a 
built-in do-until loop. Control connectors P12, . . . , P45 are 

represented as arroWs; the head of the arroW describes the 
direction in Which the How of control is moving through the 
process. For instance, the control connector 110 de?nes that 
activity A1 104 should be folloWed by activity A2 106. Tran 
sition conditions, such as p12 120, determine Whether the 
control connector is actually been folloWed in a particular 
process instance. The activity Where the control connector 
starts is called the source activity; Where it ends is called the 
target activity. When more than one control connector leaves 
an activity, this indicates potentially parallel Work. Activities 
that have no incoming control connectors, such as activity A1 
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104, are called start activities; activities that have no outgoing 
control connector, such as activity A5 105, are called end 
activities. 
4.1.2 Activities 

FIG. 2 shoWs the inner structure of program activities and 
indicates What is being done in the individual parts of an 
activity. 
As the processing of the incoming control connectors With 

their associated logical predicates p1, . . . , pn is not of 

importance for the current invention a detailed description 
this feature is skipped. 

The query on organization database (200) and proper 
implementation (210) form the core of the activity. The query 
against the organization database speci?es in organizational 
terms Which employee should carry out the activity. Since 
people in the organization are typically called staff, this query 
against the organizational database is also called a staff query. 
When the activity is ready for processing, this query is carried 
out and returns a set of users that are assigned to the activity. 
The process of ?nding the appropriate people is called staff 
resolution. 

The proper implementation speci?es What is used to carry 
out the activity and hoW it is to be carried out. The implemen 
tation could be a program that is executed or another process 
that is invoked. 

The combination of the proper implementation and the 
query against the organization database is called a task. When 
the activity needs to be carried out, staff resolution returns the 
list of users that need to be assigned to the activity. Multiple 
users may be selected for an activity based on the theory, that 
the more people knoW that a Work request requires their 
action; the more likely it is that the Work request is performed 
soon. The Work?oW management system ensures that even 
tually only one user performs the requested Work. The Work 
How management system then builds for each user a Work 
item consisting of the user identi?cation and the proper 
implementation. A user then uses the Work item to launch the 
appropriate implementation. Facilities provided by the Work 
How management system alloW the user to organize Work 
items With the same characteristics into Work lists (240). 

FIG. 3 illustrates the typical execution of a program activ 
ity. It is assumed that the activity is a manual activity that 
means that a user must start it (in contrast to automatic ones, 
Which can be executed by the system Without any user inter 
action and thus are started by the WFMS automatically). 
When the user clicks on a Work item (340) on one of his 

Work lists (350), the Work?oW management system builds the 
input container (310) for the activity (300). Then, the Work 
How management system invokes the program (320), i.e. the 
activity implementation. The program obtains the necessary 
information from the input container, performs the necessary 
actions such as interacting With the user or accessing a data 
base (360), puts any neW data into the output container (330), 
and then returns to the Work?oW management system. The 
Work?oW management system evaluates the exit condition 
(250); if the exit condition evaluates to true, navigation con 
tinues. If the exit condition fails, the Work item reappears 
again on the Work list so that the user can continue the activity 
later. 

If the activity is an automatic activity, the same actions are 
performed by the Work?oW management system. HoWever, 
the activity implementation is started automatically. 
4.1.3 Scopes 

Scopes (also called spheres) are sets of activities that have 
some property in common. Scopes can be nested With the 
enclosing scope called an outer scope and an included scope 
called an inner scope. To the extreme one could even alloW for 
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6 
overlapping scopes. A typical example of a common property 
is data that is shared betWeen the different activities Within of 
common scope; something that could be called local data. 
The data is created When the How of control enters the scope. 
No activities outside the scope can see the data in the scope. 
All activities in the scope can modify the data in the scope as 
Well as all data in the outer scopes. If a data item in an inner 
scope has the same name as a data item in an outer scope, the 
activities in the inner scope just see the inner scope data item. 
4.1.4 Compensation 

In Work?oWs, particularly long running Work?oWs, undo 
ing Work that has been carried out is not as simple as just 
throWing aWay the Work that has been done since a particular 
checkpoint and then restarting at the checkpoint. The Work 
How management system has to undo the effects (including 
any hidden side effect) of the activities that have been carried 
out by invoking compensation activities in the reverse-order 
of execution. Let’ s assume, We have three activities A, B, and 
C, that are carried out in the sequence A, B, and C. Further 
more let’s assume the requirement that either all of them 
complete successfully or none of them. If C fails, thenA and 
B need to be undone; that means the effects of A and B need 
to be undone. This is normally achieved by de?ning compen 
sation activities CA and CB and running those if the effects of 
A and B need to be compensated. As A has been carried out 
before B, CB is carried out before CA. 
4.1.5 Noti?cation 

It is very important that a business process completes as 
fast as possible. Thus it is important that peoples are informed 
Whenever a process does not complete in a speci?ed period of 
time. This process of making people aWare that a process, an 
activity, or even a set of activities, exceeds a speci?ed time, is 
called noti?cation. 
4.1.6 Fault Handling 

There are situations Where an error possibly unexpected 
that needs to be handled. This is the purpose of fault handlers 
that get control Whenever an error occurs. It Will be then up to 
the business process designer to describe Within the fault 
handler What should be done to recover from the error; for 
example, by informing an administrator to do some manual 
corrections. 
4.2 Provisioning 

Provisioning is the installation of a set of components on 
one or more computer systems With the goal of establishing a 
particular, typically customer speci?ed infrastructure. This 
infrastructure provides the requesting client to carry out 
desired Work. Provisioning can be understood as a set of 
activities that are needed to establish a desired system setup 
on one or more computer systems (target system). Establish 
ing the system setup is achieved by deploying a set of com 
puter programs and possibly additional hardWare on the one 
or more computer systems. Typically the different compo 
nents have dependencies on each other; that means compo 
nents may require that other components be deployed ?rst. 
These dependencies can be understood as a product depen 
dency graph identifying as a directed graph for each compo 
nent additionally required components representing prereq 
uisite or corequisite components. If Within such a product 
dependency graph a connector is pointing from componentA 
to component B (“A is preceding B”) this expresses that 
component B prerequisites component A (and of course all 
other components directly or indirectly preceding component 
A as Well). Of course it is a different question hoW this product 
dependency graphs are represented as this is to be understood 
as a conceptual approach only. Thus a product dependency 
graph may indeed be implemented using some graph tech 
niques; another extreme approach could be to generate the 
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product dependency graph by data/text mining technologies 
“On-the-?y” from product descriptions available in computer 
readable form. 

In many special cases the product dependency graphs can 
be reduced to product dependency trees or product trees for 
short. Such a simpli?cation of the graphical relationship 
betWeen components is possible in these cases Wherein every 
component requires a single prerequisite component only; in 
other Words, none of the components requires multiple inde 
pendent components. 

Provisioning one or more computer systems With a user 
speci?ed set of softWare components starts With the de?nition 
of a product dependency graph Which identi?es the set of 
components that need to be installed and the dependencies 
betWeen the various components. One could assume that 
service providers have a set of product dependency graphs 
from Which a requester Would choose: this could either be the 
deployment of a complete product dependency graph or just 
a sub-graph of a product dependency graph. 

Typically specialiZed programs, called provisioning man 
agers, process the product dependency graph When a particu 
lar set of computer systems needs to be provisioned. 

The set of components that need to be installed is speci?ed 
via a product dependency graph as shoWn in FIG. 4. The 
nodes in the tree represent the individual components that 
need to be installed; the branches de?ne the dependencies 
betWeen the components. For example, components 12 and 
13 (430, 440) require that component 8 (420) is installed ?rst. 
Component 8 (420) requires that component 3 (410) is 
installed ?rst, Which itself requires that component 1 (400) is 
installed ?rst. Component 10 requires 2 separate components, 
component 5 and 6; thus form from the perspective of com 
ponent 10 component 5 and component 6 are corequisites. If 
the directed link (450) from component 5 to component 10 
Would not be present the product dependency graph Would 
reduce to a product tree. 

Each node de?nes the mechanism, typically the name of an 
installation script or routine or some program capable of 
installing that particular component. By abstracting from the 
concrete technology used to implement such an installation 
mechanism We also use the term installation facility for this 
mechanism. Installation of a component is then performed by 
running the installation facility. Typically an installation 
facility requires a set of parameters that identify to the script 
Where, for example, to put ?les or in general Which customiZe 
the installation process. These installation parameters are 
either speci?ed for a particular component or are inherited 
from components that are pre-requisite for a component. 
Parameters that are speci?ed on the product tree level are 
called global parameters. Typically, the general set of param 
eters is called installation context. 

It should be noted, that the product tree representation 
provides the same information as the traditional softWare 
architecture picture, Where the different components are 
shoWn layered above each other With the loWer level being 
pre-requisite for the higher level ones. 
4.3. Creating Work?oWs 

The fundamental observation of the current invention is 
that the functions normally provided by a provisioning man 
ager can be generated automatically if this is done by gener 
ating a process model (representing the provisioning process) 
of a WFMS. According to the current invention the product 
dependency graph is transformed into a process model by 
translating the dependencies betWeen the different compo 
nents into sequential and parallel execution paths in the pro 
cess model. This process model is then handed over to the 
Work?oW-management-system either for further re?nement 
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8 
or for direct execution. Based on this approach standard 
Work?oW management systems can be used for provisioning. 
Moreover, this alloWs that the functions offered by a Work 
How management system can be exploited advantageously 
also for a provisioning process. 

FIG. 5 illustrates hoW a provisioning process can be gen 
erated automatically as a process model of a Work?oW man 
agement system generated from a product dependency graph. 
In the specifc case of the example of FIG. 5 is limited to a 
product dependency graph reduced to a product tree; of 
course the current teaching can be applied to product depen 
dency graphs of every type. In particular, it shoWs hoW a 
Work?oW is generated from a part of the tree. Components 
that are pre-requisite for other ones are represented by activi 
ties preceding other components. For example, component 11 
(500) Which is pre-requisite for component 16 (510) is rep 
resented as activity I11 (540) preceding activity I16 (550) 
Which represents component 16 (510). Components that have 
the same set of pre-requisites, such as components 16 and 17 
(510, 520) are modeled as parallel activities I16 and I17 (550, 
560). 
Of course there is a certain amount of freedom hoW a 

product dependency graph is mapped into a corresponding 
provisioning process model. In the example of FIG. 5 an 
approach has been chosen Which alloWs for a maximum of 
parallelism When the process model Will be executed by the 
WFMS. Within parallel control paths the WFMS is free to 
decide (potentially depending on other conditions, like for 
instance Workload considerations) When to assign control to 
the individual activities for execution. 
The important point for mapping a product dependency 

graph onto a corresponding process model is that the directed 
graph of the process model is not violating the dependencies, 
ie the sequence, of the components modeled by the product 
dependency graph. In other Words: every tWo components, 
Which are mapped onto activities of a process model for the 
WFMS, have to be mapped such that if the ?rst component is 
(directly or indirectly) preceding (i.e. is prerequisiting or 
corequisiting) the second component Within the product 
dependency graph then the same statement holds also for the 
corresponding activities Within the WFMS process model; 
ie the ?rst WFMS activity corresponding to the ?rst compo 
nent is (directly or indirectly) preceding the second WFMS 
activity corresponding to the second component in terms of 
the process model. 
TWo further examples making use of the freedom of hoW a 

product dependency graph is mapped into a corresponding 
provisioning process model are the folloWing. Both 
approaches are based on the idea to transform the process 
dependency graph into a linear, mere sequential arrangement 
of process activities. Such type of process models do have the 
advantage that at any point in time no tWo activities are 
executed in parallel Which excludes that tWo activities might 
in?uence one another through some hidden side effects. 
Referring to the example of FIG. 6 in a ?rst approach the 
sub-graph of component 2 is traversed in a depth-?rst tra 
versal order and thus mapped onto the folloWing sequence of 
activities: 

I2, I4, I9, I5, I6, I10, I11, I16, I17, I18. Alternatively the 
sub-graph of component 6 could be traversed in of breadth 
?rst traversal order and thus mapped onto the folloWing 
sequence of activities: 

I2, I4, I5, I6, I9, I10, I11, I16, I17, I18. Both ofthe exem 
pli?ed approaches satisfy the condition that the sequence of 
activities in said directed graph of the process model is not 
violating the dependencies of the softWare components in the 
product dependency graph. 



US 7,904,416 B2 
9 

The examples shown so far map each to-be-installed com 
ponent into exactly one activity of the corresponding provi 
sioning process model. There might be situations Where it is 
of advantage to map multiple to be installed components into 
a single activity. Thus generally the relationship betWeen the 
to be installed components and their corresponding activities 
Within the provisioning process model may be a 1-to-many 
relationship. 

The example of FIG. 5 moreover depicts a further embodi 
ment of the current invention. According to this example it is 
assumed that components 1, 2, 6 are installed already on the 
target computer system. To cope With this situation it is sug 
gested that the product dependency graph is reduced by soft 
Ware components already installed on the target system; the 
net result is that the provisioning process reduces to the pro 
cess model F1 as re?ected Within FIG. 5. In case components 
1, 2, 6 Were not installed on the target system already the 
resulting provisioning process Would also comprise the 
sequence of activities I1, I2, I6 preceding activity I11 in F1. 

Ifthe components 11, 16, 17, and 18 (500, 510, 520, 530) 
share the same set of parameters, a scope (according to the 
WFMS scope concept described under 4.1.3 above) is gener 
ated having the set of parameters as local data. 

FIG. 6 illustrates hoW Work?oWs can be reused. The sug 
gested approach is that sub-graphs Within the process model 
are generated as subprocesses of the provisioning process. In 
the context of FIG. 6 the sub-graph beyond component 11 is 
generated as a subprocess F1 Within the overall provisioning 
process F2. This alloWs for great performance improvements 
When product trees are modi?ed dynamically or even gener 
ated ad-hoc, as only the changed part of product trees need to 
be re-generated. 
4.4. Exploiting Further Work?oW Features 

Moreover the folloWing functions of Work?oW manage 
ment systems can be advantageously exploited the Within the 
generation approach of provisioning processes: 

1. The compensation function can be used to undo parts or 
all of the installation if installation of a component fails. 
In general, an installation can be undone by running the 
uninstall for the component; thus the Work?oW manage 
ment system can run default compensation undoing the 
installation Without any further information. 

For that purpose for each (or some) activity A installing a 
certain component a compensation activity CA is generated. 
As the program to actually perform the uninstall either a 
uninstall program being speci?c to that component is used or 
the general uninstall function provided by the underlying 
operating system in general is exploited. 

2. The noti?cation function can be used to speed up the 
provisioning of systems by alerting the person respon 
sible for provisioning. 

3. The fault handler function can be used to handle errors. 
The invention claimed is: 
1. A computer program product, comprising: 
a tangible computer readable medium having computer 

usable program code for automatically generating a pro 
visioning process said provisioning process being 
capable to install at least one softWare component on a 
target system, said computer program product compris 
mg: 

computer usable program code for receiving a request to 
install a ?rst softWare component; 

computer usable program code for determining a product 
dependency graph for said ?rst softWare component, 
said product dependency graph identifying as a directed 
graph additional softWare components required by said 
?rst softWare component as prerequisite or corequisite 
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softWare components, and for determining for each of 
said additional softWare components in said product 
dependency graph a corresponding installation facility; 

computer usable program code for transforming the prod 
uct dependency graph into a process model executable 
by a Work?oW Management System (WFMS), Wherein 
said process model comprises a directed graph of activi 
ties, and Wherein the transforming comprises translating 
dependencies betWeen different ones of said additional 
softWare components in said product dependency graph 
into sequential and parallel execution paths in said pro 
cess model, 

Wherein each of said additional softWare components of 
said product dependency graph is associated With an 
activity in said process model such that When each said 
activity is executed, an installation is performed by an 
installation facility corresponding to said each of said 
additional softWare components, and 

Wherein a sequence of said activities in said directed graph 
does not violate the dependencies of said additional 
softWare components in said product dependency graph; 
and 

computer usable program code for inserting said process 
model in said WFMS as said provisioning process. 

2. The computer program product according to claim 1, 
Wherein said computerusable program code for transform 

ing the product dependency graph into a process model 
executable by a Work?oW Management System 
(WFMS), comprises computer usable program code for 
generating said process model such that said directed 
graph of activities is imitating said product dependency 
graph. 

3. The computer program product according to claim 1, 
Wherein said computer usable program code for transforming 
the product dependency graph into a process model execut 
able by a Work?oW Management System (WFMS), com 
prises computer usable program code for generating said 
process model such that said directed graph of activities is a 
sequence generated by depth-?rst or breadth-?rst traversal of 
said product dependency graph. 

4. The computer program product according to claim 1, 
Wherein said computer usable program code for determin 

ing a product dependency graph for said ?rst softWare 
component comprises computer usable program code 
for determining if a certain softWare component is 
accompanied by installation parameters, and 

Wherein said computerusable program code for transform 
ing the product dependency graph into a process model 
executable by a Work?oW Management System 
(WFMS), comprises, computer usable program code for 
generating a scope de?nition in saidprocess model com 
prising an activity associated With said certain softWare 
component and all activities associated With successor 
softWare components Within said product dependency 
graph and said scope de?nition comprising said instal 
lation parameters. 

5. The computer program product according to claim 1, 
Wherein said computerusable program code for transform 

ing the product dependency graph into a process model 
executable by a Work?oW Management System 
(WFMS), comprises computer usable program code for 
generating a subgraph of said directed graph of activities 
as a subprocess of said process model. 

6. The computer program according to claim 1, Wherein 
said computer usable program code for determining a product 
dependency graph for said ?rst softWare component, com 
prises computer usable program code for determining for a 
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software component in said product dependency graph a cor 
responding uninstall facility, and 

Wherein said computer usable program code for transform 
ing the product dependency graph into a process model 
executable by a Work?oW Management System 
(WFMS), comprises computer usable program code for 
generating for an activity in said process model a com 
pensation activity such that When said compensation 

12 
computer usable program code for inserting said process 

model in said WFMS as said provisioning process. 
10. A system, including at least one processor, for auto 

matically generating a provisioning process said provisioning 
5 process being capable to install at least one softWare compo 

activity is executed an uninstall facility is performed 10 
corresponding to a softWare component of said activity. 

7. The computer program product according to claim 1, 
Wherein said computer usable program code for determin 

ing a product dependency graph for said ?rst softWare 
component, comprises computer usable program code 
for reducing said product dependency graph for soft 
Ware components already installed on said target sys 
tem. 

8. The computer program product according to claim 1, 
Wherein said request to install comprises all softWare com 

ponents Within said product dependency graph or a sub 
graph thereof. 

9. A computer program product tangible computer pro 
gram product storing program code for automatically gener 
ating a provisioning process said provisioning process being 
capable to install at least one softWare component on a target 
system, said computer program product comprising: 

computer usable program code for receiving a request to 
install a ?rst softWare component; 

computer usable program code for determining a product 
dependency graph for said ?rst softWare component, 
said product dependency graph identifying as a directed 
graph additional softWare components required by said 
?rst softWare component to be installed as prerequisite 
or corequisite softWare components, for determining for 
each of said additional softWare components in said 
product dependency graph a corresponding installation 
facility, and for determining for at least one of said 
additional softWare components in said product depen 
dency graph a corresponding uninstall facility; 

computer usable program code for transforming the prod 
uct dependency graph into a process model executable 
by a Work?oW Management System (WFMS), Wherein 
said process model comprises a directed graph of activi 
ties that imitates said product dependency graph, and 
Wherein the transforming comprises translating depen 
dencies betWeen different ones of said additional soft 
Ware components in said product dependency graph into 
sequential and parallel execution paths in said process 
model such that said directed graph of activities is a 
sequence generated by one of a depth-?rst or a breadth 
?rst traversal of said product dependency graph, and 

Wherein each of said additional softWare components of 
said product dependency graph is associated With an 
activity in said process model such that When each said 
activity is executed, an installation is performed by an 
installation facility corresponding to said each of said 
additional softWare components, and Wherein, for an 
activity in saidprocess model, a compensation activity is 
generated such that When said compensation activity is 
executed, the uninstall facility is performed that corre 
sponds to said at least one of said additional softWare 
components in said product dependency graph, and 

Wherein a sequence of said activities in said directed graph 
does not violate the dependencies of said additional 
softWare components in said product dependency graph; 
and 
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nent on a target system, comprising: 
receiving means for receiving a request to install a ?rst 

softWare component; 
determining means for determining a product dependency 

graph for said ?rst softWare component, said product 
dependency graph identifying as a directed graph addi 
tional softWare components required by said ?rst soft 
Ware component as prerequisite or corequisite softWare 
components, and for determining for each of said addi 
tional softWare components in said product dependency 
graph a corresponding installation facility; 

transforming means for transforming the product depen 
dency graph into a process model executable by a Work 
?oW Management System (WFMS), Wherein said pro 
cess model comprises a directed graph of activities, and 
Wherein the transforming comprises translating depen 
dencies betWeen different ones of said additional soft 
Ware components in said product dependency graph into 
sequential and parallel execution paths in said process 
model, 

Wherein each of said additional softWare components of 
said product dependency graph is associated With an 
activity in said process model such that When each said 
activity is executed, an installation is performed by an 
installation facility corresponding to said each of said 
additional software components; and 

Wherein a sequence of said activities in said directed graph 
does not violate the dependencies of said additional 
softWare components in said product dependency graph; 
and 

inserting means for inserting said process model in said 
WFMS as said provisioning process. 

11. The system according to claim 10, 
Wherein said transforming means comprises means for 

generating said process model such that said directed 
graph of activities is imitating said product dependency 
graph. 

12. The system according to claim 10, Wherein said trans 
forming means comprises means for generating said process 
model such that said directed graph of activities is a sequence 
generated by depth-?rst or breadth-?rst traversal of said prod 
uct dependency graph. 

13. The system according to claim 10, 
Wherein said determining means comprises means for 

determining if a certain softWare component is accom 
panied by installation parameters, and 

Wherein said transforming means comprises means for 
generating a scope de?nition in saidprocess model com 
prising an activity associated With said certain softWare 
component and all activities associated With successor 
softWare components Within said product dependency 
graph and said scope de?nition comprising said instal 
lation parameters. 

14. The system according to claim 10, 
Wherein said transforming means comprises means for 

generating a sub graph of said directed graph of activi 
ties as a subprocess of said process model. 

15. The system according to claim 10, Wherein said deter 
65 mining means comprises means for determining for a soft 

Ware component in said product dependency graph a corre 
sponding uninstall facility, and 
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wherein said transforming means comprises means for 
generating for an activity in said process model a com 
pensation activity such that When said compensation 
activity is executed an uninstall facility is performed 
corresponding to a softWare component of said activity. 

16. The system according to claim 10, 
Wherein said determining means comprises means for 

reducing said product dependency graph for softWare 
components already installed on said target system. 

14 
17. The system according to claim 10, 

Wherein said request to install comprises all software com 
ponents Within said product dependency graph or a sub 
graph thereof. 


